A treatment effect and ordered logit models were used to evaluate the impact of metal silo storage technology on household food security and factors influencing adoption of metal silo. Farmers' perception of the effectiveness of metal silo against larger grain borer and maize weevil was also analyzed. The most important factor households considered when choosing a storage facility was effectiveness against storage pests followed by security of the stored grain and durability of the storage facility. Metal silo adopters had 1.8 months more of adequate food provisioning than nonadopters. Compared to non-adopting households, metal silo adopters only sold a little portion of their maize initially to meet immediate cash needs and kept the bulk of it until the fifth month after harvest. Consumption was stable throughout the year for the metal silo adopters. Non-adopters sold most of their maize immediately after harvest and consumption was higher than sales. Household size, literacy of the household head and land size increased the likelihood of adopting the metal silo technology. Households with access to financial services (bank account and/or mobile money) were more likely to adopt metal silo. Distance to the nearest passable road reduced odds of adopting metal silo technology. The use of metal silos prevented damage by larger grain borer (LGB) and maize weevil for 98% and 94% of adopters, respectively. This study finds evidence that metal silo technology is effective against main maize storage pests and its adoption can significantly improve food security in rural households.
INTRODUCTION
Two-thirds of the people in eastern and southern Africa (ESA) live in rural areas where they make a living from agriculture, often from degraded and marginal lands, with little opportunity to diversify incomes through additional employment in non-farming activities. Addressing rural poverty and food insecurity is therefore central to any efforts to improve human well-being and livelihoods in the region (http://www.undp.org/mdg/, accessed 30 April, 2011). Cereal grains form a major part of crop production in Africa. One of the key constraints to improving food and nutritional security in Africa, however, is the poor post-harvest management that leads to 20-30% loss of grains, with an estimated monetary value of more than US$ 2 billion annually and can reach US$ 4billion (Zorya et al., 2011) . Post-harvest losses remove part of the supply from the market contributing to food price spikes as was experienced between 2008 and 2011 by (Rosegrant et al., 2015) . Postharvest losses also cause resource wastage because natural resources, human and physical capital are committed to produce, process, handle and transport food that no one consumes.
Apart from causing grain weight losses, incidence of pest attack of the stored grains is also linked to mycotoxin contamination and poisoning. In 2004, for example, one of the largest aflatoxicosis outbreaks occurred in rural Kenya, resulting in 317 cases and 125 deaths (Lewis et al., 2005) . The main economically important storage insect pests are maize weevil Sitophilus zeamais Motschulsky (Coleoptera: Curculionidae), the larger grain borer (LGB) Prostephanus truncatus Horn (Coleoptera: Bostrichidae), angoumois grain moth Sitotroga cereallela, Oliv. (Lepidoptera: Gelechiidae) and the lesser grain weevil Sitophilus oryzae Linne (Coleoptera: Curculionidae) (Markham et al., 1994) .
Traditional storage practices in Africa countries cannot guarantee protection against major storage pests of staple food crops like maize (FAO, 2008; Gitonga et al., 2013) . The lack of suitable storage structures for grain storage and absence of storage management technologies often force the smallholders to sell their produce immediately after harvest. Consequently, farmers receive low market prices for any surplus grain they may produce to avoid post-harvest losses from storage pests and pathogens (Kimenju et al., 2009; Tefera et al., 2011) . Farmers also cannot use their harvest as collateral to access credit, (Semple et al., 1988; Tefera et al., 2011) . It is therefore, crucial that appropriate, affordable storage technologies are readily Gitonga et al. 223 available to farmers for them to safely store and maintain quality of their produce (Thamaga-Chitja et al., 2004) . Safe storage of maize at the farm level is crucial, as it directly impacts on poverty alleviation, food and income security of the smallholder farmers. Application of chemical insecticides has been recommended in order to protect against insect-pest and pathogen attack during storage (Dales and Golob, 1997) . However, insecticides are frequently unavailable or too expensive for subsistence farmers in developing countries. As an alternative strategy to reduce postharvest maize grain losses in Africa, the International Maize and Wheat Improvement Center (CIMMYT) implemented an SDC funded project titled "Effective Grain Storage for Sustainable Livelihood of African Farmers,". The project successfully introduced the development and fabrication of metal silo technology in Kenya and Malawi (CIMMYT, 2011) . A metal silo is a cylindrical structure, constructed from a galvanized iron sheet and hermetically sealed (Figure 1 ). The metal silo technology has proven to be effective in protecting the harvested grains from attack not only from the storage insects but also from rodent pests (Tefera et al., 2011) . The objectives of this paper were to assess the effectiveness of the metal silo storage technology against the main maize storage pests, impact of the metal silo on the length of storage of surplus, consumption and sale of maize.
METHODS

Econometric analysis
The study used the proportional-odds (Ordered logit) model to estimate the likelihood of a household going without food for a whole day or sleeping hungry. The dependent variables were two food security indicators assessing whether any member of the household went to sleep hungry or went a whole day without food. The responses were recorded and coded as follows: 0 = never; 1 = rarely (1-2 times); 2 = sometimes; 3 = often (>10times). 
Where P1 + P2 + … + Pk = 1; β is a vector of coefficients and X is a vector of explanatory variables.
Ordered logit model simultaneously estimates multiple equations depending on the number of categories. The number of equations is equal to the number of categories minus one, which are three equations in this current study. The key assumption in ordered logit is the parallel regression, meaning that there is only one set of coefficients for each independent variable. This implies that the coefficients for the variables in the equations estimated simultaneously would not vary significantly if they were estimated separately except that the intercepts would vary. The error term is assumed to be normal with zero mean and unit variance (Greene, 2002) .
Sampling and data collection
Sampling was conducted in two phases with the first phase targeting households that did not own metal silo (control group) and the second phase households that adopted metal silo for grain storage. Same questionnaire was used to interview the two groups. A baseline survey preceded the metal silo adopters' survey to allow for the comparison of the two groups. A list of sub-locations (Census, 2009) was obtained from Kenya National Bureau of Statistics (KNBS) and grouped into six maize production agroecological zones (AEZ). These are dry transitional (DT), dry mid altitude (DMA), moist mid altitude (MM), high tropics (HT) moist transitional (MT) and low tropics (LT). Proportionate to size random sampling was then used to select 120 sub-locations across the six (AEZ) based on the number of households in each zone. Chiefs and assistant chiefs provided a list of all households in each sublocation from which 12 households were randomly selected and interviewed per sub-location, resulting in a sample size of 1344. The household survey of the metal silo storage technology was conducted in 18 districts, distributed in three agro-ecological zones namely moist transitional, moist mid transitional and dry mid altitude.
The survey targeted all the farmers who had acquired metal silos either through the project implementation partners or through the artisans in Nyanza and Eastern provinces. A sampling list of 94 households distributed in 12 districts was obtained for the Nyanza region from which 73 households were interviewed. A list containing 51 metal silo owners distributed in 6 districts was obtained from Embu and all were interviewed. This resulted in treatment group of 124 households which was compared with the randomly selected control group. Data collection was preceded by recruiting and training 18 enumerators and three supervisors from diverse cultural backgrounds. After the training the questionnaire was pretested and revised for primary data collection. Three teams were formed, each comprising of a supervisor, six enumerators and a driver. Enumerators were provided with laminated slides clearly showing various storage facilities and main grain storage insect pests as visual aids during the interview. Data was collected between October 2010 and March 2011.
Data cleaning was done in SPSS and analysis using stata software. The mean difference on key demographic and social economic variables between the two groups was tested using a student t-test. The dependent variables were two proxies of severe food insecurity (Going the whole day without food or sleeping hungry) were regressed against demographic and social economics factors. A two stage regression was fitted to compare the effect of metal silo use on months of adequate household food provisioning (MAHFP) between the two groups while checking for possible selfselection bias. The likelihood ratio test for the independence of the primary and selection equations indicated no evidence of self selection in adoption of metal silo technology by the adopters. MAHFP is measured by asking the respondents the number of months they did not have enough food to feed their families and using that information in computing the months of adequate food provisioning.
RESULTS
Household characteristics for adopters and nonadopters of metal silo
Both adopters and non-adopters of metal silo technology were dominated by male headed households ( Table 1) . The average age of the household head was about 53 years for both groups. Males aged between 15-64 years constituted 52 and 54% of the primary decision maker in maize farming for the non-adopters and adopters, respectively. The proportion of aged male decision makers is significantly higher for the adopters (15%) than for non-adopters (7%). The average household size was seven and six persons for adopters and non-adopters, respectively. Meta silo adopters had 25 years of farming experience compared to 28 years for non-adopters. Adopters also on average had 10 years of formal schooling and 95% were literate compared to 7 years and 83% literacy for non-adopters. More metal silo adopter households (78%) had savings account in a commercial bank than non-adopters (47%). Mobile banking was more popular with 97% of adopter households owning a virtue M-PESA account compared to 74% for non-adopters. Metal silo adopters were more food secure than nonadopters. Households that adopted metal silo were significantly closer to the passable road (1.5 km) than non-adopters who on average were 3.1 km away from the road. Adopters were more endowed in land and cultivate an average of 8 acres annually compared to 5 acres cultivated by non-adopters. Metal silo adopters on average lost 3 kg of grain per season to storage pest while non-adopters lost 75 kg. The amount of grain lost to pest by metal silo adopters was from grain kept aside in bags for consumption to avoid frequently opening the silo.
Maize storage technologies used by households
Most non-adopters (60%) used a space in the house and improved granaries (17%) to store their maize (Table 2) . Some households stored their maize in the kitchen over smoke. Most metal silo adopters (78%) used metal silo for maize storage. However, they also kept aside some maize in the bag inside the house for regular consumption to avoid opening the silo more frequently. Traditional granaries were less popular probably because they are not secure and prone to attack by storage pests. Security was one of the most important factors farmers considered when choosing a storage facility.
Factors farmers consider before choosing maize storage technology
When choosing grain storage technologies, farmers considered effectiveness against insect pest as very important criteria, followed effectiveness against rodent, security of the stored grain and the lifespan or durability of the technology (Figure 2 ). Many farmers did not consider cost of acquiring and maintaining the technology important. This is because if the technology met the conditions farmers considered important to them, they would likely recoup their investments in the technology over time through better prices emanating from delayed sale. Maize stored in metal silos was effectively protected from LGB in 98% and from maize weevil in 92% of the households that owned silos (Figure 3 ). Households that did not have metal silo suffered more storage losses of between two and15% from LGB and maize weevil compared to metal silo adopters.
Comparison of maize sale and consumption pattern for metal silo adopters and non-adopters
Both metal silo adopters and non-adopters sold some of their maize soon after harvest to meet immediate household cash needs. Metal silo users delayed selling their maize only disposing a little in the first month ( Figure  4 ). They sold much of their maize five months after harvest to benefit from better prices. Amount of maize sold declined sharply until the seventh month when the remaining maize was sold off to give room to next harvest. Maize takes between 3 and 4 months to mature in dry regions and 5-6 months in mid and high altitude areas. Consumption was stable and smooth throughout the year for the metal silo adopters (Figure 4 ). The consumption curve was below the sales curve implying that much of the grain was sold than consumed. Households that adopted metal silo for maize storage were food secure for a whole year. Unlike metal silo adopters, non-adopters sold much of their grains within the first month after harvest. Consumption curve was above the sales curve except for the first two months after harvest. This meant that by the mid of second month, much of the grain had already been sold and whatever little that remained was kept for food. The grain reserves got exhausted by the eleventh month and households had to buy from the market.
Ordered logit model
Households in potential agro-ecological zones like moist mid altitude (MMA), moist transitional (MT) and high tropics were less likely to sleep hungry or go a whole day without food than households in dry mid altitude.
An increase in household size by one member increased the chance of sleeping hungry by 5% and going without food the whole day by 17%. Distance from the main road was also associated with likelihood of a household being food insecure. Factors associated with reduced household food insecurity include adoption of metal silo technology, owning a mobile phone virtual account or a bank savings account. Male headed households were more likely to go without food the whole day compared to those headed by females (Table 3) .
Two-stage treatment effect model
The dependent variable in this model was the number of months a household went without food for a period of one year. The model shows that female headed households were less food insecure than for male headed households. Households with literate heads and larger land parcels were also less food insecure. Interestingly, households that hosted large social events like wedding and burial were less food insecure compared to households that did not host such events. Generally households are food insecure by 3.5 months but this period is reduced by 1.8 months when households adopt metal silo storage technology (Table 4) .
The household size, literacy of the household head, land size and possession of a savings account in a bank or virtue mobile phone-based account increases the odds of adopting metal silo technology. However, distance to the nearest passable road reduced the odds of metal silo technology adoption. The likelihood ratio test for the independence of the primary and selection equations yield a p-value of 0.5949. We fail to reject the null hypothesis that rho=0 and conclude that there is no evidence of self-selection in adoption of metal silo technology by the adopters.
DISCUSSION
This study demonstrated that 96% reduction in maize grain losses was achieved after acquisition of the metal silo by the farmers. The metal silo is easy to handle and can be produced in different sizes, from 100 to 3000 kg grain holding capacity, based on requirements. The metal silo, which is a tried-and-tested technology in Latin America offers the following major advantages to African farmers: (i) maintains the quality of the stored product; (ii) air tightness creates effective non-residual fumigation; (iii) avoids the use of insecticides; (iv) requires little space and can be placed inside house; (v) reduces post-harvest losses to virtually nil if properly used; (vi) enables smallholder farmers to take advantage of fluctuating grain prices; (vii) prevents rodents and other pests/pathogens that could potentially harm consumer health; and (viii) can be built in-situ with local labour and easily available materials (FAO, 2008; Tefera et al., 2011) . After adopting the metal silo, farmers delayed selling the bulk of their grains until later in the season to benefit from improved prices. Metal silo adopters were also food secure for 1.8 months longer than non-adopters. Poverty reduction and food security will not be realized if farmers are unable to store grains and sell surplus production at attractive prices. Food security exists when all people, at all times, have access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life (Pinstrup-Andersen, 2009 ). Several people in Africa, however, are food insecure. Despite significant advances in modern food storage methods, many smallholder farmers in developing countries still rely on traditional storage methods for storing grain. Although relatively simple and inexpensive to construct and maintain, traditional storage systems lead to substantial post-harvest losses (Mughogho, 1989) . Inadequate post-harvest storage contributes significantly to food insecurity. The metal silo can play an integral part in ensuring domestic food supply, and in stabilizing food supply at the household level by smoothing seasonal food production, as demonstrated by the households that have already adopted the technology. The metal silo is air-tight. As a result, respiration of the biotic components of the grain mass (fungi, insects and grain) increases CO 2 and reduces O 2 concentrations that limit insect development Note *** significant at 1%; ** significant at 5% and * significant at 10%. (Navarro and Donahaye, 2005) . Farmers choose storage technology based on its effectiveness against storage insects. The metal silo is a useful food security element in the grain storage and distribution chain. Smallholder farmers with a metal silo could feed their family year round and free to decide when to bring surplus harvest to market. Grains, particularly maize and beans can be stored in the metal silo for up to three years without any problem (SDC, 2008) . This helps schools, urban dwellers and smallholder farmers to set aside the reserves needed when changing climate conditions or natural disasters lead to crop failure (FAO, 2008) .
The metal silo empowers smallholder farmers. The metal silo not only offer the opportunity to smooth hunger between staple crop harvests but farmers also are able to improve farm incomes by storing crops and selling it at premium prices when demand outstrips supply later in the post-harvest period. Quality is an important determination of crop retail prices (Kohl and Uhl, 1998) and effective storage is crucial to improving agricultural incomes and food security for smallholder farmers. Following the introduction of metal silos, adopting farmers have learnt to monitor the market and time their produce sales to coincide with right market conditions for better returns. Farmers use the additional income to improve their living standards. A follow-up visits to adopting farm families showed that and some had ventured in enterprises with higher returns like commercial poultry farming and goat fattening. Even though most household heads were males, metal silos were mainly managed by women. Managing the metal silo amd its content can improve women's status and self-esteem (SDC, 2008) .
Apart from its effectiveness in mitigating storage losses, engaging in metal silo fabrication and marketing can create jobs for the youth and rural enterprise development (Tefera et al., 2011) . For instance, in Latin America, the POSTCOSECHA Programme (Postharvest Program) relied on a large number of local tinsmiths for the production of metal silo (SDC, 2008) . In 2007, there were 892 metal silo manufacturers working in El Salvador, Guatemala, Honduras and Nicaragua. The metal silo manufacturing activity provided an additional source of income for tinsmiths. When they were not working in the fields, they spent their time producing metal silos. From the production of metal silos alone, tinsmiths annually earned a net annual income of about US $ 470 (SDC, 2008) . This study has demonstrated that the same can be replicated in Africa with wider promotion and adoption of metal silo technology among millions of smallholder grain producers. This study finds evidence that metal silo technology is effective against main maize storage pests and its adoption can significantly improve food security in rural households.
